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In this article, a case study of a load-carrying vehicle chassis with various loading conditions in six 
maneuvers has been conducted. These maneuvers include acceleration and deceleration in a loaded 
and un-loaded situation, drops, pothole, turn, and sinusoidal obstacles. Finite element analysis has 
been implemented in order to calculate stress distribution and fatigue life. Stress analysis indicated 
that the joints stiffness is higher where the auxiliary profiles were utilized. However, this procedure is 
cumbersome and auxiliary plates would be a more efficient strategy. The effects of using auxiliary 
plates have been investigated in the fatigue and stress distribution of the aforementioned chassis. The 
analysis revealed that the 300 mm drop has the maximum tension and accordingly embodies the 
shortest fatigue life. Furthermore, for welding joints, three different strategies for geometry 
configuration including welding bead, reinforcing plates, and extra auxiliary profiles under the welded 
joints were assumed. 
 





Automobiles are an inevitable part of the modern era and their popularity has encouraged 
engineers to improve their safety and comfort (Podkowski et al., 2019; Ren et al., 2017; Sharma et al., 
2021). These goals are not out of reach with an endurable car chassis that is designed properly. A 
suitable vehicle chassis design includes stress, fatigue, and vibration analysis (Bhatnagar et al., 2018; 
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N et al., 2018). With the increased usage of numerical simulation over the past few decades in the car 
industry (Ablat & Qattawi, 2017; Khatoon & Kim, 2020), car manufacturers and researchers are able 
to simulate various maneuvers in which the chassis experience high tension (Str et al., 2019). Numerical 
simulation can save considerable time and expenditures (Oanta et al., 2020; Y. Wang et al., 2019) and 
the produced results can lead to designing a more efficient chassis. Designing an effective chassis 
required meticulous attention to welds, suspension system, and structure design that will be discussed 
in detail in the following. 
The chassis efficiency can be limited by its welded component since welding may result in 
degradation to mechanical property (P. Wang et al., 2018). The importance of welding in fatigue life 
has encouraged researchers to focus on this subject. (Fricke, 2003) reviewed how to develop fatigue 
analysis in welded joints over the last 10-15 years. (MENEGHETTI, 2008) proposed the application of 
the peak stress method in estimating the fatigue of welded pipe joints under the influence of the first 
loading mode. They showed that using this method is suitable for estimating the fatigue life of such 
connections. (Chattopadhyay et al., 2011) presented general rules for meshing in order to obtain 
flexural and structural stresses and finally calculated the initial fatigue crack life with the help of peak 
stress at the welding foot. (Kim et al., 2015) presented a new numerical method for calculating hot spot 
stress that is less sensitive to mesh. They used the method of work and equivalent force to calculate the 
welding foot stress measured at specific intervals. Finally, they showed that the use of quadratic 
elements with reduced integrals has the least error. 
The suspension system has a deep correlation with car chassis since they are linked together via 
control arms. Therefore, an effective chassis cannot be designed without consideration of the 
suspension system. Accordingly, researchers have been convinced to develop a high-performance 
double wishbone which is an important part of a suspension (Sankar et al., 2018). Prior to them, (Balaji 
et al., 2017) optimized the double-wishbone suspension system based on the road profile of India via 
Finite Element Analysis (FEA). Likewise, Balaji et al., (Zaidie et al., 2017) utilized the Finite Element 
Method (FEM) to analyze and design a new front suspension system that performed better in braking, 
cornering, and bumping. 
Finally, the chassis structure should be evaluated from the stress and fatigue perspective. Hence, 
(Gorash et al., 2015) investigated the effect of fatigue data and finite element states on the accuracy of 
estimating the remaining life of a sample under repetitive fatigue conditions. To determine the failure 
location and estimate the fatigue life, the Volvo method is implemented and the effect of parameters 
such as thickness, bending, and average stress according to BS7608 was considered. In the same year, 
(Paraforos et al., 2016) investigated the effect of roughness on the fatigue life of agricultural machines. 
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They used the Palmgren-Miner law to estimate life. (Deulgaonkar, 2019), designed and analyzed both 
stress and vibration of a transport utility vehicle. He investigated structure deflection, modal analysis, 
and the importance of meshing. Another comprehensive study was done by (Abry et al., 2018), in which 
they evaluated finite element model preparation for stress, fatigue, and welding of a heavy vehicle 
chassis frame. Their results were validated with 10 years of operating experience. Chassis of the 
specific vehicles such as All-Terrain Vehicle (ATV) (Kumar et al., 2020), Tractor Trolley 
(Deulgaonkar, 2019), electric car (Tsirogiannis et al., 2019), and formula student car (Hazimi et al., 
2018; Mohamad et al., 2017; Wongchai, 2020) have been assessed by other researchers. 
According to the aforementioned literature review, although stress and fatigue analysis have 
been considered for cars’ chassis, joints connections in the main frame are a huge void in chassis design. 
In this paper, this gap will be bridged by considering three strategies for welding joints. To determine 
the feasibility of these strategies, the load-carrying car chassis is going to experience different road 
profiles. Consequently, stress analysis can be a key factor for distinguishing the efficacious strategy. 
After choosing the best strategy, fatigue life prediction will be calculated for the chassis with its new 
weld condition. 
 




The main frame consists of a profile with dimensions of 170 × 70 × 3.5 mm; however, a coned 
shape profile was used at the end of each branch. Squire shape tube and C shape profile have been 
utilized for supporter and connector, respectively. Elastic modulus and Poisson's ratio for all of the 
steel parts are 200 MPa and 0.3 respectively. For the suspension parts, two groups of springs have been 
implemented. Stiffness of the first group, front wheels, is 240741 N/m and the stiffness of second group 
springs are equal to 448247 N/m. 
Additionally, three different geometry have been considered for the profile connection: 
• Modeling of welding with a 2.5 mm bead height (Fig. 2a). In this case, it is assumed that the 
two profiles are butt welded. 
• Creating a distance of 15 mm between the two profiles at the joint and using reinforcement 
plates with 6 mm thickness and 40 mm width. The empty space between the two joints is 
filled by welding. This strategy, which is the novelty of the current study, will simulate lap 
joint for the chassis profile (Fig. 2b). 
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• Creating a distance of 15 mm between the two profiles at the joint and using a 6 mm 
reinforcing profile that perfectly matches the geometry of the joint and then filling the empty 
space between the two joints by welding (Fig. 2c). 
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Figure 2 - Isometric View of different Strategies for Connection Welding. a) Weld Bead. b) Reinforcement Plate. c) Extra 
Auxiliary Profiles 
   
a b c 
 
B. Finite Element Analysis 
 
The chassis consists of three major parts with different priorities and importance in stress 
distribution. Connec-tion parts in which there is stress concentration due to its weld geometry, the main 
frame which is more uniform, and links, also known as the suspension system, that connect the main 
frame to the wheels. To simulate these three parts solid (C3D8R), shell (S3), and beam (B31) elements 
have been considered (Fig. 3). These divisions can lower the number of the element dramati-cally and 
accordingly reduce the simulation time. 
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Loading and Weight 
 
The whole chassis has been divided into three section and some points that represent the mass 
of the car have been assigned to each section as follow: I) Front with 3 points II) Middle with 4 points 
and III) Rear with 3 points. All these points are coupled to the main frame in order to transfer the mass 
effect to the chassis. 
Total car weight has been divided into 10 points in order to have a more uniformly distributed 
mass. However, the division must meet the following requisition: 
• The total weight of the 10 points must be equal to the total weight of the car. 
• Central gravity of the 10 points must coincide with the CG of the car. 
• Moment inertia of these points must be equal to the moment inertia of the car. 
The aforementioned requirements bear the following equations: 
3mR + 4mM + 3mF = M (1) 
3mRl + 18mMl + 24mFl = MLG (2) 
 mR[LG
2 + (LG − l)
2 + (LG − 2l)
2]
+ mM[(LG − 3l)
2 + (LG − 4l)
2 + (LG − 5l)
2 + (LG − 6l)
2]
+  mMF[(LG − 7l)
2 + (LG − 8l)
2 + (LG − 9l)
2] = IZZ 
(3) 
In which mR, mM, and mF are mass of each point in the rear, middle, and front of the car. M 
represents the mass of the car and LG is the distance of the CG from the rear bumper and Izz is the 
second-moment inertia of the car. By considering the l= 508 mm, LG= 2090 mm, and car width of 2000 
mm the outcome of the equation can be summarized in Table 1. 
 
Table 1 - Weight and Second-moment Inertia of the Car’s Chassis 
 Loaded car (5000 Kg) Empty car (3500 Kg) 
mR (Kg) 590 413 
mM (Kg) 505 353 
mF (Kg) 405 283 
IxxR (Kg.m2) 195 136 
IxxM (Kg.m2) 185 129 
IxxF (Kg.m2) 135 94 
 
The suspension system has been modeled as axial connectors and the mechanical property for 
the springs are as shown in Table 2. In this table δ0, Lcomp, and K are Initial pre-compression, 
compressed length, and stiffness of the springs, respectively. 
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Table 2 - Initial Pre-compression, Compressed Length, and Stiffness of the Front and Rear Springs 
 δ0 (m) Lcomp (m) K (N/m) 
Front 0.042 0.201 240741 
Rear 0.048 0.264 448247 
 
Maneuvers and Boundary Condition 
 
Six major maneuvers of a car have been investigated in this article. Table 3 represents a 
summary of these maneuvers. It has been assumed that in the loaded situation the car has an acceleration 
of 3 m/s2 and in the empty case this acceleration increase to 5 m/s2. In deceleration, the direction of the 
acceleration will change in the opposite direction and the magnitude will remain constant. 
 
Table 3 - Maneuvers Implemented on the Chassis and their Characteristics 
 acceleration deceleration pothole Drop Sinusoidal obstacle turning 









Case 2 Empty Empty × 300 mm × × 
 
In the pothole maneuver, the car’s velocity is assumed to be 0.762 m/s and the configuration of 
the pit is illustrated in Fig. 4. In this situation, the rigid plane will move a profile similar to Fig. 4. It is 
also worth mentioning, according to the length of the car, rear wheels will experience the same pothole 
profile with a five-second delay. 
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In the drop condition, it has been supposed the chassis is in the effect of gravity and will be 
released from a particular height. In this case, rigid planes are fixed to simulate a hard ground for the 
wheels. In another maneuver, it is assumed that the chassis passes a sinusoidal obstacle. However, the 
right and left side profiles have different phases (see Fig. 5). Rear wheels will experience a similar 
profile according to the logic described for the pothole. 
 
Figure 5 - The Sinusoidal Obstacle for the Right and Left Wheels 
 
 
For the final maneuver, which is turning, the car turns a 95 m curve path. According to (James 




     (4) 
In which m, V, and r are mass, velocity, and curvature radios, respectively. The following 
diagram (Fig. 6) clearly illustrates the procedure of doing the analysis in this article. Although 
ABAQUS is capable of performing a variety of analyses; in this article, the stress distribution is the 
aim of using this software. 
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C. Fatigue Life Evaluation 
 
Since the chassis is usually dealing with dynamic forces during the service, fatigue analysis is 
another important criterion that should be evaluated. In order to estimate the fatigue life of the chassis, 
FE-Safe is implemented. By determining the stress distribution in the chassis, the odb file must export 
to the software. Afterward, the stress ratio will be entered by the user that allows stress exerts to the 




In the first stage of the analysis, a comparison between the three mentioned strategies has been 
done. For this comparison, a hypothetical maneuver is defined to reveal the best strategy for the whole 
chassis. In this hypothetical maneuver, the left side of the profile is completely fixed and the right side 
is 950 Nm and the vertical upward force is 1000 N. To apply these forces a rigid plate has been used. 
(Fig. 7) 
 
Table 4 - Maximum Von Mises Stress for a different strategy in the Unreal Maneuver 
Strategy Maximum Von Mises stress (Mpa) 
Joint with simulated bead geometry 83.4 
Joint with auxiliary plates 56.2 
Joint with auxiliary profile 48 
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Table 4 summarizes the results of this hypothetical maneuver. These results revealed that using 
an auxiliary plate reduces maximum Von Mises stress by 14%, and the auxiliary profile is roughly 43% 
more effective than the joint without reinforcement. In addition to the supposed condition, the results 
have been verified for the acceleration maneuver. 
 
Table 5 - Verifying the Best Strategy for the joints in the Acceleration Maneuver 
Maneuver Strategy Maximum Von Mises stress (Mpa) 
Empty acceleration 
Joints with an auxiliary plate 200.6 
Joints with auxiliary profile 141.2 
 
According to Table 4 and Table 5, using the reinforcement profiles is more effective in reducing 
the maximum Von Mises stress than other strategies. However, it is not cost-effective due to the need 
to build a mold. Therefore, it is recommended to use reinforcement plates for the main chassis. 
In order to alleviate the mesh dependency, suitable mesh size for the first maneuver, empty 
(unloaded) acceleration, has been determined by trial and error approach. For a supposed path, which 
is far from stress concentration points, the best element size has been evaluated according to Figure 7. 
Since the change percentage for the two last analyses is 4.07, 44204 element is a fine mesh size, and 
the rest of the analyses have been conducted based on this element size. 
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In loaded and empty acceleration maneuvers, the maximum stress is 168.1 MPa and 200.6 MPa 
respectively (Figure 8 a,b). For full and empty deceleration maneuvers, the results of stress analysis are 
in accordance with Table 6, which are presented in Figure 9 a and b, respectively. 
 
Table 6 - Maximum Von Mises Stress for the Full and Empty Deceleration Maneuvers 
 deceleration Maximum Von Mises stress (Mpa) 
Case 1 Loaded 207.8 
Case 2 Empty 215.2 
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Although in the loaded condition the chassis experience higher weight, the maximum stress in 
the chassis is lower. Since the chassis is for a pickup truck, adding extra load will result in more uniform 
weight distribution and the exerted load creates a balance between the front and rear parts of the chassis. 
Therefore, joints will experience lower stress. 
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According to the similarity between acceleration and deceleration, the same results will happen 
for the loaded and empty cars. Therefore, higher stress will occur in the empty case in comparison to 
the full situation. 
 







In this maneuver, the chassis will release from a specific height, and due to geometry 
characteristics, front wheels will touch the ground (rigid planes) earlier. As a result, the chassis will 
experience a bending situation. Due to the features of the bending, higher stress will happen in the 
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middle main beam. However, due to the stress concentration of the joints, this higher stress will shift 
towards joints. 
In addition, it is worth mentioning that the upper left side of the chassis has slightly lower stress 
than the right side of the chassis, which has experienced the highest stress. This result has been derived 
according to the symmetrical properties of the geometry. 
 
Figure 11 - Stress Analysis of the Chassis While Passing a Pothole 
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Due to the nature of the pothole and sinusoidal, the results for both maneuvers are similar to 
each other, in which the maximum Von Mises stress occurs in the central beam of the chassis. However, 
FEM analysis revealed that maximum stress for pothole and sinusoidal maneuvers are 334.5 MPa and 
430.1 MPa, respectively. Since the chassis experiences torsion in sinusoidal maneuvers, the chassis 
will experience greater stress. An explanation for torsion is that right and left sides of the chassis 
experiences two different road profiles. While the right front wheel is at the top of the sinusoidal wave, 
the left front wheel is at the bottom of the wave at the same time. 
 
Figure 13 - Stress Analysis for Chassis in Turning 
 
 
Fig. 14 represents stress distribution in the chassis while the car is passing a curved path. Since 
the right side of the chassis must pass a bigger curvature radius, due to the continuity of the chassis, 
lower stress will occur on this side. Moreover, a summary of maximum Von Mises stress for the drop, 
pothole, Sinusoidal obstacle, and turning maneuvers is presented in Table 7. 
 
Table 7 - Maximum Von Mises Stress for the Drops, Pothole, Sinusoidal Obstacle, and Turning Maneuvers 
Maneuver Maximum Von Mises stress (Mpa) 
Drop 
100 mm 334 
300 mm 565 
Pothole 334.5 
Sinusoidal obstacle 430.1 
Turning 266.6 
 
In the following, the fatigue life of the chassis for all maneuver is evaluated by implementing 
the commercial FE-Safe software. The stress ratio is zero that is also known as the zero-to-tension 
condition and the S-N curve approach has been speculated. 
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The summary of fatigue life for all of the maneuver is presented in Table 8. As it is shown, the 
full acceleration maneuver is the safest move for the chassis with the highest fatigue life cycle and the 
300 mm drop has the lowest fatigue life. According to stress analysis, these outcomes were predictable. 
 



















661000 1370000 448000 481000 105000 81000 25000 109000 
 
Figure 14 - Fatigue Life Contour for all Maneuver. a) Empty Acceleration b) Full Acceleration c) Empty Deceleration 
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In this article, stress analysis and fatigue life estimation of a car chassis are evaluated. The 
chassis experienced six major maneuvers including acceleration, deceleration, pothole, drop, sinusoidal 
obstacle, and turning. A new strategy for welding was considered in which a reinforcement plate 
attached under the 15 mm-gap joint between two adjacent profiles. Adding these plates will result in a 
14 % reduction in maximum Von Mises stress. Stress analysis revealed that full acceleration with 168 
MPa and 300 mm drop with 565 MPa have the lowest and highest Von Mises stress. Besides the stress 
analysis, fatigue life prediction has been evaluated with the help of FE-Safe software. 300 mm drop 
with 25000 cycle and Full acceleration with 1370000 cycles are the lowest and highest fatigue life 
cycle, respectively. The results of this study can be the focus of future studies in order to design more 
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